A decline in water quality attributed to excessive inputs of phosphorus has been observed in Lake Simcoe over the past few decades. Various studies have estimated that 25-50% of the total phosphorus entering the lake is from atmospheric deposition. Bare soil exposure in the spring due to lack of vegetative cover, along with soil disturbance related to agricultural activities, results in higher susceptibility to wind erosion and dust emission. This study introduces the new concept of Dust Response Units (DRUs), which combine soil type and land use to determine the dust emission susceptibility based on the hourly variation of wind speed and monthly changes in soil cover due to crop growth. The Wind Erosion Prediction System (WEPS) was used to determine dust emission suppression factors for a combination of 11 different soils and 6 dominant agricultural land uses, totaling 66 different DRUs in the Lake Simcoe airshed. Employing a widely used dust emission model and applying these dust emission suppression factors resulted in the identification of high risk DRUs. Twelve of the potential 66 DRUs were determined to contribute 85% of the total crop dust emissions within the Lake Simcoe airshed, including sand, loam, sandy loam, and loamy sand soils combined with row crop, mixed, and hay and pasture land management operations. This study demonstrates a new method to map high priority areas for targeted implementation of dust control best management practices that could be useful in agricultural areas both within and beyond the Lake Simcoe airshed.
Introduction
Over the past decades, excessive phosphorus (P) loading to Lake Simcoe (Ontario, Canada) has resulted in the loss of key self-sustaining cold-water fish populations and excessive macrophyte growth and algal blooms, which have impaired beaches, marinas, and waterfront property (Palmer et al. 2011 ). Atmospheric deposition is believed to be responsible for 25-50% of the total P entering the lake, based on estimates from 15 years of bulk deposition monitoring (Winter et al. 2007 , Ramkellawan et al. 2009 , Brown et al. 2011 . Agriculture and agricultural practices may contribute significantly to atmospheric P deposition to Lake Simcoe. Agriculture is the dominant land use in the Lake Simcoe watershed and may be a major source of dust, particularly during high wind events or "disturbance activities" such as tilling (Kjelgaard et al. 2004a) . Modelling results have shown that windblown or atmospheric dust, defined as particles of size ≤10 µm (PM10), generated by agricultural processes constitute the majority of dust loading globally (Tegen and Fung 1995 , Sokolik and Toon 1996 , Ginoux et al. 2001 , and agricultural dust has been directly linked to nutrient loading to rivers and lakes (Leys 1999, Leys and McTainsh 1999) . Nutrient loading from dust can be significant, as shown by Koren et al. (2006) who found that approximately 40 million metric tonnes of dust is emitted from the Saharan Bodele depression and transported by wind to the Amazonian Rainforest Basin annually; this dust is the principal source of nutrients for the large and vibrant ecosystem. Increased dust emission and transport can even result in a decline in soil nutrient levels (Fryrear 1981) .
Soil erosion and subsequent atmospheric deposition of soil-related nutrients can be reduced by effective and practical best management practices (BMPs). Although BMPs to reduce atmospheric deposition have been widely promoted in the Lake Simcoe watershed, more precise identification of the sources of atmospheric P loading is needed to implement BMPs. Research to date has evaluated dust containing P from 4 primary sources: agricultural areas, unpaved roads, aggregate extraction, and construction sites (OMOE 2010) . The objective of this study was to identify and map key agricultural sources of PM10 emission within the Lake Simcoe airshed to determine high priority areas for adoption of dust control BMPs. This study builds on work by the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) to rank soil susceptibility to wind erosion and identify high risk soils within the Lake Simcoe airshed ( Fig. 1 ; Brown et al. 2011) .
Here, we evaluate soil susceptibility combined with crop land use to develop a map of key agricultural sources of PM10 emissions. Crops can reduce dust emissions due to wind erosion compared to dust emissions on bare soil conditions (Mansell et al. 2003) ; conversely, agricultural activities such as tilling may enhance dust emissions. We used dust emission and wind erosion models to estimate PM10 emissions for various combinations of soil types and crops. Site-specific dust emission and transport models have previously been shown to be useful for studying wind-driven soil erosion and loss of nutrient rich soil (Sundram et al. 2003) , and PM10 or fugitive dust (i.e., small atmospheric dust particles that originate from nonpoint sources) encompasses atmospheric P (Watson and Chow 2000) , making it an ideal surrogate parameter for modelling atmospheric P loading.
Study site
Lake Simcoe (44°25′N; 79°20′W) is the largest inland lake in Southern Ontario, and the watershed supports an estimated population of 400 000 residents (OMOE 2010) with an additional 50 000 cottagers (LSRCA and OMOE 2009) . Although little commercial industry is located near the lake, it is a major recreational destination for local Fig. 1 . Soil susceptibility to wind erosion of the area surrounding Lake Simcoe, Ontario; stars indicate the locations where samples were collected to measure PM 10 dust emission using PI-SWERL (reprinted from Fig. 8 in Brown et al. 2011 , with permission from Elsevier). Mapping key agricultural sources of dust emissions within the Lake Simcoe airshed
Inland Waters (2013) 3, pp. 153-166 residents and tourists. Declines in native cold water fish populations in the lake triggered the onset of several major monitoring programs, and collected data indicated eutrophication from excess P loading was the major cause of ecological impairment (Palmer et al. 2011) . Approximately 47% of the Lake Simcoe watershed is used for agriculture, and an estimated 25% of the total P load to the lake is from hay, pasture, and cropland alone (OMOE 2010) . Agriculture also contributes to atmospheric deposition of P to Lake Simcoe, but detailed estimates are lacking.
Methods
Agricultural sources of PM 10 emission within the Lake Simcoe airshed were identified using 2 models: a modified GP88 (Gillette and Passi 1988) dust emission model and the Wind Erosion Prediction System (WEPS) model (Hagen 2004) .
Modified GP88 dust emission model (MGP88)
The GP88 model has been widely used to predict regional and local dust emission rates as a function of hourly wind shear velocity time series data, and the critical shear velocity of the soil and its corresponding dust emission factor (Gillies et al. 1996 , Ginoux 2004 . While the GP88 is a mechanistic model, predictions have been validated using wind tunnel results of soil and land use data from the US Department of Agriculture (Gillette and Passi 1988) . The GP88 model was modified for application in the Lake Simcoe airshed by developing crop reduction and climate factors specific to Lake Simcoe and is hereafter referred to as the MGP88 model. The MGP88 model was used to determine the annual PM 10 emission from combinations of different soil types and crop land uses for the Lake Simcoe airshed.
Hourly wind speed and wind shear velocity data for the MGP88 model were calculated for the [2005] [2006] [2007] [2008] period at a 1 km grid spacing for the study area using surface meteorological data from 10 climatic stations maintained by Environment Canada: Barrie-Oro, Toronto Buttonville Airport, Collingwood, Egbert, Lagoon City, Mount Forest, Muskoka, Toronto Pearson Airport, Waterloo, and Wiarton. The MGP88 predicts dust flux, F (µg m −2 s −1
), converted to annual emission for this study, and is expressed as ); the crop reduction factor (CRF; dimensionless) and the climatic reduction factor (C m ; dimensionless) were developed for the Lake Simcoe airshed. The CRF incorporates the impact of land management on dust emission potential by comparing the ratio of dust emission rates for a given crop management operation versus a bare soil control; C m modifies the predicted dust emission to correct for the suppression of dust by moisture in the soil.
The c 0 and u *cr were calculated for each of the 11 dominant soil types commonly found in the Lake Simcoe airshed (Table 1) by calibrating the MGP88 model with the Single-event Wind Erosion Evaluation Program (SWEEP) as described by Hagen (1995) with measured PM 10 dust emission data obtained for the Lake Simcoe soils using the Portable In-Situ Wind Erosion Laboratory equipment (PI-SWERL) developed by the Desert Research Institute in Nevada, USA.
Soil samples were collected throughout the Lake Simcoe airshed at 16 locations ( Fig. 1 ) and analyzed in a lab using PI-SWERL. The lab analysis was performed as ramp tests similar to the procedure outlined by Sweeney et al. (2008) . For each soil sample, the PI-SWERL system was positioned over a tray containing the sample, which had been wetted and left to air dry for 5-6 days to recreate an undisturbed surface. To determine the u *cr , the fan was engaged at a low speed and slowly increased or ramped to a high wind speed to determine the onset of dust emission and the associated wind shear at the surface.
Additional "step tests" were run to determine PM 10 concentrations and dust fluxes from bare, dry soils at successively increasing wind speeds. Ramp and step tests were repeated on soil samples that were rewetted and dried for 2-3 days to assess the effect of soil texture, soil moisture, and wind speed on dust emission rates. Three tests were performed at each site, each consisting of a ramped wind speed test starting from 3000 rpm and increasing to 5000 rpm for a duration of 6.5 min. These measurements were used to validate bare, dry soil predictions using the MGP88 model and were compared to published results.
Atmospheric loading of PM 10 to Lake Simcoe is a wind driven process, which is the primary focus of this study. Agricultural processes, such as tilling, disturb soils and contribute to PM 10 emission. Conversely, crop cover can reduce dust emission; this dynamic process was captured in the emission reduction factors. The crop PM 10 emission reduction factors were calculated by the WEPS model that specifically includes agricultural practices, such as tilling and harvest for each crop development stage, and land disturbance processes. The CRFs were determined for each soil type and crop type combination by comparing cropland versus bare soil PM 10 emissions. These results were then incorporated in the MGP88 model planting and harvesting, as well as the type of seed used. The WEPS model simulated the growth and harvest cycle for 8 years for row crops and vegetable crops based on 2-year cycles; other crop types were run for 4 years, based on a single-year cycle. Daily predicted dust emissions from WEPS were averaged to determine a monthly dust emission from each DRU for the simulated period.
Modelling scenarios were conducted using WEPS for both bare and managed land. The dust emission for each crop type was compared to the emission from bare soil to generate a crop emission factor for each of the 66 DRUs. The monthly crop emission factors were calculated by dividing the average monthly emission from the managed soil by the average monthly emission from the bare soil WEPS run over the same cycle period. Monthly values were averaged to determine an annual CRF for each DRU. While WEPS could have been used to simulate overall annual emissions, it was necessary to use the MGP88 model, which isolates shear velocity, for use in future regional long-range transport and deposition modelling using the US Environmental Protection Agency (EPA) CALPUFF model. While the WEPS model incorporates soil moisture and climatic conditions as part of the soil loss and PM 10 emission calculations, the climate and soil moisture values for both the bare and managed scenarios were maintained to isolate the impact of crop type on dust emissions (Table 1) . As a result, the varying monthly impact of soil moisture had to be incorporated into the MGP88 dust emission model. The monthly climatic factor, C m , was calculated using the following relationship (Woodruff and Armbrust 1968) : (2) where W m is the average monthly wind velocity and PEI a is the annual Thornthwaite precipitation-evaporation index, which is a measure of soil aridity calculated as the ratio of precipitation to evapotranspiration. The precipitation-evaporation index was calculated using monthly evapotranspiration relationships for each subwatershed in the Lake Simcoe airshed, where the PEI a is the monthly ratio of precipitation to evaporation effectiveness. While climate factors were calculated for each month for each subwatershed, they remained consistent among subwatersheds due to the relatively small size of the Lake Simcoe airshed and the absence of any major geological variability. The mean monthly climate factors (Table 2) were used to distribute the predicted annual dust flux over each month in the year and reflected the impact of the hydrologic cycle and corresponding effects of soil moisture on dust emission. to calculate hourly dust emissions from each of the Dust Response Units (DRUs) within the study area.
DRUs, which are introduced in this study, are a basic computational unit used to assess homogeneous dust emission susceptibility analogous to Hydrologic Response Units used for assessing soil, land use, and management impacts on water quantity and quality (Flugel 1995) . DRUs were developed by combining soil type and land use to determine dust emission using the MGP88 model by considering the hourly variation of wind speed along with monthly changes in soil cover due to crop growth through crop dust emission reduction factors. The WEPS model, discussed further below, was used to determine the CRF for a combination of 11 different soils (Table 1 ) and 6 dominant agricultural land uses: row crops (modelled as soy followed by corn), mixed (alfalfa/hay/barley), hay and pasture, sod, vegetable (potato), and idle agricultural land, totaling 66 different DRUs within the Lake Simcoe airshed.
A DRU grid map (100 m resolution) to determine PM 10 emission potential for the Lake Simcoe airshed was developed using Geographical Information Systems (GIS) data (in vector-based format) obtained from the Lake Simcoe Region Conservation Authority and GIS Spatial Analysis tools to overlay soils (Fig. 2 ) and land use (Fig. 3) grid maps. These maps were converted into raster format grid maps at 100 m resolution for DRU mapping. Both soil type and land use, and hence dust emission response, was assumed to be uniform within each DRU.
The Wind Erosion Prediction System (WEPS)
WEPS is a process-based, daily time-step model based on soil and residue decomposition relationships used to predict dust emissions. It is a field-scale wind erosion model and, for this study, simulations assumed a 1 ha field with nonerodible boundaries, similar to the methodology used by Hagen (2004) . The erosion submodel of WEPS was developed into standalone application. To quantify dust emission from various agricultural sources, DRUs were generated by pairing the land use (crop type) with soil type using GIS data. This approach also quantified the respective area of each DRU within the Lake Simcoe airshed. Each unique DRU was modelled using WEPS to obtain continuous daily PM 10 data per unit area for each crop cycle.
The 6 crop land uses used in this study were developed by modifying the relevant National Resource Conservation Service (NRCS) crop cycles for New York and Michigan (USA) with input from OMAFRA staff to represent Lake Simcoe-specific crop cycles. The majority of modifications made to the crop cycles were related to the timing of Wagner, USDA, March 2012, pers. comm.). Note that published values of mean annual soil loss due to wind erosion from agricultural fields range from ~1 to almost 300 t ha −1 depending on soil susceptibility, crop, and climate factors (Table 3) .
The WEPS and SWEEP erosion submodel specify a minimum 0.35 m s −1 threshold friction velocity to generate soil loss and/or PM 10 emission (Sharratt and Vadella 2012) . The average dry critical shear velocities generated from the SWEEP simulations was approximately 0.6 m s −1 . While WEPS and SWEEP have been known to underestimate dust emission and overestimate threshold shear velocity values (Van Donk and Skidmore 2003 , Hagen 2004 , Feng and Sharratt 2009 , the results of the bare soil SWEEP runs yielded similar results to those of Gillette and Passi (1988) . Our results were also consistent with the upper limit of the range of threshold shear velocity values reported by Shao (2004) for various soils; however, work
Results
There was good agreement between MGP88 model predictions for a variety of bare, dry soils and shear velocities and measured PM 10 emission rates (Fig. 4) . Results from previously published wind tunnel studies (Lopez 1998 , Rajot et al. 2003 , Rooney and White 2006 were also consistent. Rooney and White (2006) obtained their soil samples from Owen's Lake, California, USA, and tested them in a wind tunnel; Rajot et al. (2003) obtained their data in situ in the Sahel Desert, Niger; and Lopez (1998) obtained their data in an agricultural field of Central Aragón in north eastern Spain. Overall, the dust emission data in this study agreed well with the standard "Law of the Wall" logarithmic-linear relationship between dust emission and shear velocity (Fig. 4) .
WEPS model estimated bare soil PM10 emissions to be <1 t ha −1 yr −1 from all soil types except loamy sand and sand (Table 1) . However the application of WEPS to bare sandy soils can yield higher than expected emissions (L. Mapping key agricultural sources of dust emissions within the Lake Simcoe airshed Inland Waters (2013) 3, pp. 153-166 by Kjelgaard et al. (2004b) and Sharratt et al. (2007) found that the critical shear velocity can be <0.3 m s −1 when particles are perched on the soil surface after tillage.
Climate moisture values signalled the impact of snow cover, with values of zero over the winter months followed by increasing values through the spring ( Table 2 ). The climate moisture factor peaked in July, which is the driest month resulting in the highest bare soil PM 10 emission susceptibility, and then declined through the autumn. These results are consistent with the work of Brown et al. (2011) who showed that the highest bulk atmospherc deposition to Lake Simcoe occurs in the summer months.
The monthly CRFs were used to evaluate the impact of agricultural land use on PM 10 emission by soil type producing 66 evaluations. An example of 6 of the monthly PM 10 emission reduction factors for loamy sand soils is presented here (Fig. 5) . In each case, the CRF was calculated by comparing the monthly emission from the agricultural land use from WEPS to the monthly emission from bare soils also calculated by WEPS. The CRF was (Fig. 5) . Farming practices for vegetables produced higher PM 10 emissions in March compared to bare soils, but emission dropped below that for bare soil in April-May as the crops began to grow and cover the land, thereby reducing PM 10 emission (Fig. 5 ). There was a smaller peak in PM 10 emission relative to bare soil for vegetable crops in October, although emission was still less than that from bare soil, followed by a substantial decline in November. Row crops tended to emit approximately 80% of the PM 10 emitted from bare soils from March to November; emission from row crops was negligible compared to bare soil for December-February. Mixed-growth crops had a similar pattern to row crops, but emissions relative to bare soil were negligible until peaking in April followed by a decrease in May then a generally increase to a second peak in November. Emission from hay crops was negligible compared to bare soil throughout the year except in April and May. Idle lands completely suppressed (<10%) emission when compared to bare soils. The CRF for sod was bimodal with emission relative to bare soil increasing after February to peak in April-May while the crop was seeded and the soil was exposed, and then declined to zero from July-September when the crop grew, followed by a second peak in October-November when the sod was harvested. These results are consistent with reported seasonal P deposition trends that showed PM 10 emission generally peaks in the spring and summer and then declines in the fall and winter (Brown et al. 2011) . Similar monthly patterns for CRFs were obtained for each of the agricultural land use practices for each of the soil types (data not shown), although in some cases patterns were slightly shifted earlier or later in the year. When annual mean crop PM 10 emission reduction factors were compared for each soil type, the highest emissions compared to bare soils were for vegetable crops on loam soils (63%), row crops on loamy sand soils (62%), and mixed crops on loam soils (60%; Table 4 ). Only 1 of the highest 11 CRFs was from hay crops when combined with loam soils. The other values were distributed between row and mixed crops (3 soil types each), and vegetable and sod crops (2 soil types each). When averaged across soil types, row crops produced the highest emissions of all agricultural land uses at 37% that from bare soil. Mixed crops, sod, and vegetable crops had similar average CRFs at ~30%, while hay reduced emissions to an average of 9% of emission levels from bare soil. The most effective land use for reducing PM 10 emission was idle land, which had an average CRF of zero. The annual average CRFs also differed by soil type, and no CRFs are reported for clay soils as all emission reduction factors were 0% (Table 4) . On average, PM 10 emission was most reduced by agricultural land uses on silty clay loam soil where emission was 8% that of bare soil. Emissions were least reduced by crop land use on loam soil where, on average, emission was 40% that from bare soil.
An analysis of how much PM 10 is emitted by each DRU after taking into account how much of the land area is made up by a particular DRU revealed that the highest emitting soil types were the sandy soils (loamy sand, sandy loam, and sand) while the lowest emitting soils were silts and clays (Table 5 ). Row crops yielded the highest contribution (48%) of the total PM 10 produced, followed by mixed crops at 30%. Hay and vegetable crops produced 11 and 10% of the total PM 10 , respectively. Not all DRUs were found within the Lake Simcoe watershed, however; for example, sod was not farmed on clay loam soil (reflected by NA in Table 5 ).
An evaluation of the relative mean annual PM 10 dust emissions indicated that 12 of the DRUs contributed just more than 85% of the total crop PM 10 emitted in the Lake Simcoe airshed (Table 5 ). The highest contributions came from row, mixed, and hay crops on loamy sand, sand, sandy loam, and fine sandy loam soils. These 12 high PM 10 emitting DRUs are distributed throughout the Lake Simcoe airshed (Fig. 6 ).
Discussion
The modelling results of this study indicate that crops on a given surface reduce PM 10 emissions compared to bare soil conditions. In addition, the modelling exercise identified the crop and soil type combinations that best reduce dust emission. High risk crop and soil type combinations were also identified and mapped around the airshed.
As part of this study, dust response units were developed to facilitate the analysis of different soil and land use combinations. The new concept of DRUs can be used in both the Lake Simcoe airshed as well as other similar inland lakes airsheds dominated by agricultural land uses to determine the optimal type and location of various BMPs throughout the airshed. Estimates of the amount of dust reduced by the BMP can also be made.
Current GIS data indicate that a considerable amount of the land area in the Lake Simcoe airshed is classified as DRUs capable of emitting high amounts of PM 10 . Based on the results (Fig. 6) , many of the high emitting DRUs are located on the west side of the lake, which is identified as an area of interest due to the prevailing wind direction. Analysis of wind direction in the Lake Simcoe watershed by Brown et al. (2011) indicated the dominant winds blow from northwest about 50% of the time and from the southeast about 30% of the time during the high deposition seasons of spring and summer. The analysis of the spatial distribution of high risk DRUs refines our understanding of potential wind erosion by reflecting smaller areas with high dust emission potential allowing for targeted BMP action on the ground. Using the modelling results obtained in this study, the type and location of BMP that should be applied to best reduce dust emission can be determined and mapped accordingly. In addition, dust emission reduction estimates can also be calculated. Because PM 10 deposition is a reasonable surrogate for P loading, reduction of dust emissions through BMPs will result in reduced P loading to Lake Simcoe and potential water quality improvements. Our analysis revealed that many high emitting DRUs are located on the northwest and southeast portion of the airshed. Given that the dominant wind directions are also from these areas (Brown et al. 2011) , particular attention should be paid to these DRUs for targeted stewardship activites such as the implementation of BMPs for row crops, mixed crops, and hay crops. These crops emit more PM 10 than other agricultural land uses, such as sod and idle land, because they are subjected to more soil disturbance activities (such as tilling). Detailed resolution studies and modelling should be focussed on these areas to determine optimal stewardship activities to reduce PM 10 emissions. Based on the wind characterization work by Brown et al. (2011) in conjunction with our high risk DRU map, particular attention should be placed in the northwest area of Lake Simcoe close to the shoreline.
General stewardship activites in the Lake Simcoe airshed should focus best management opportunities on row crops as the highest contributor to emissions in the Lake Simcoe airshed. Additional focus on best management practices suitable for mixed crops could address just more than 77% of the total PM 10 emissions from agricultural sources.
While characterizing and mapping agricultural emissions within the Lake Simcoe airshed is an important step to reduce PM 10 emission, many other sources of PM 10 should be considered. Future work includes extending the delineation of the DRU system to include other PM 10 emitters within the airshed, such as aggregate pits and quarries, paved and unpaved roads, and active construction sites. Using the complete DRU delineation analysis, a meteorological model that includes PM 10 transport and deposition should be developed to determine wet and dry deposition from sources close to the lake and from the overall airshed.
Limitations to the modelling approach
To develop customized PM 10 emission, transport, and deposition models for the Lake Simcoe airshed, a variety of factors were individually developed. In particular, the MGP88 model used to determine emission contained individual factors that required input from precipitation, 
Conclusions
The main goal of this study was to develop a more accurate method to map key local agricultural sources of dust emissions within the Lake Simcoe airshed. Soil samples were taken from 16 sites around Lake Simcoe and subjected to tests that measured the potential dust emission rates for a range of wind speed and soil moisture content using PI-SWERL tests. These measurements were used to validate bare, dry soil predictions using the GP88 model and compared to published results. The modelled results indicated that increased soil cover, in the form of crops, reduces dust emission within the airshed. This study introduces the concept of DRUs that combine soil type and land use to determine the dust emission susceptibility based on the hourly variation of wind speed and monthly changes in soil cover due to crop growth. A DRU grid map was developed by using GIS Spatial Analysis tools to overlay soils and land use grid maps, and various dominant crop and soil type combinations were identified. The MGP88 model was used to evaluate the dust emission potential for DRUs in the Lake Simcoe airshed. Of the 66 identified DRUs, 12 were determined to contribute 85% of the total crop dust emissions within the Lake Simcoe airshed. Areas with the highest potential for dust emission, including sand, loam, sandy loam, and loamy sand soils with row crop, mixed, and hay and pasture land management operations, were identified and mapped (Fig. 6) .
Using the risk map developed, an efficient and targeted approach to BMP application can be pursued. In addition, the amount of dust emission reduced through BMP application can be estimated. Before this study, the originating locations of atmospheric P entering Lake Simcoe were unclear, but through this project, the areas with highest potential for dust emission can be targeted to help educate landowners to adopt wind erosion control and dust emission agricultural BMPs. This study provides key information for the development and implementation of BMPs by providing the ability to distinguish where BMPs should be used and where specifically, at a field level, atmospheric nutrients are originating. This should also include comprehensive follow-up research and monitoring, which is essential for community engagement and assessing BMP effectiveness.
The novel dust emission model described in this paper can be used to calculate hourly PM 10 dust emission as input data for the US EPA CALPUFF long-range air dispersion and transport model for the Lake Simcoe airshed. As a result, this study has provided the necessary foundation for greater insights into the contribution of various sources of dust within the airshed and atmospheric sources of P loading to Lake Simcoe.
